Cosmic-ray electrons are a small but important component of the cosmic radiation. They provide information regarding the origin and propagation of cosmic rays in the Galaxy that is not accessible from the study of the cosmic-ray nuclear components due to their differing energy-loss processes. Cosmic-ray electrons and positrons are produced as secondaries by the interactions between cosmic-ray nuclei and the interstellar matter. However, since the observed positron fraction (φ(e + ) / (φ(e + ) + φ(e − )), where φ is the flux, is of the order of ten percent and less above a few GeV [1] [2] [3] , a majority of electrons must be of primary origin.
Due to their low mass and the intergalactic magnetic field, cosmic-ray electrons undergo severe energy losses during their propagation in the Galaxy. Therefore, it can be expected that a significant fraction of high energy (> 10 GeV) electrons and positrons are produced in the solar neighborhood (∼ 1 kpc) [4] with the majority of the primary electron component probably originating from a small number of sources, which may induce features in the spectral shape of the electron energy spectrum [5, 6] . Spectral features may also arise from the contribution of more exotic sources such as dark matter particles, e.g. [7] , or other astrophysical objects such as pulsars, e.g. [8] . Both were invoked to explain the positron fraction measured by PAMELA [3] and are expected to contribute to the cosmic radiation with roughly equal numbers of electrons and positrons.
Measuring the energy spectrum of cosmic-ray electrons involves the difficult identification of this rare component and determination of detector efficiencies and particle energies.
Therefore, it is not a surprise that results, gathered mostly by balloon-borne experiments in the past decades, differ beyond quoted errors. Another point that has to be highlighted is that there are no measurements of the high energy (above ∼ 50 GeV) negatively-charged electron flux.
The results presented here are based on the data-set collected by the PAMELA satelliteborne experiment between July 2006 and January 2010. From over 2 × 10 9 triggered events, accumulated during a total acquisition time of approximately 1200 days, 377,614 electrons were selected in the energy interval 1 -625 GeV, the largest energy range covered in any cosmic ray e − experiment hitherto. Further details on the PAMELA apparatus, orbit and data acquisition can be found in [9] [10] [11] .
A sample of negatively-charged particles was selected using the time-of-flight and spectrometer data. This consisted mostly of electrons with a few percent contamination of 3 cosmic-ray antiprotons. At higher rigidities "spillover" protons, reconstructed with an incorrect sign of curvature either due to the finite spectrometer resolution or scattering in the spectrometer planes, represented the largest source of contamination estimated to increase from a few percent at ∼ 100 GV/c to about ten times the electron signal around 500 GV/c. All these contamination components were reduced to a negligible amount by requiring an electromagnetic-like interaction pattern in the 16 radiation length deep silicontungsten calorimeter [10, 12] . Electrons were selected up to ∼ 600 GV/c. Above this rigidity the sign-of-curvature of tracks could not be reliably resolved due to statistical and systematic uncertainties.
The most important contributions to the discrepancies between the various electron measurements are instrumental effects such as selection efficiencies and energy determination.
To reduce the systematic uncertainties the selection efficiencies were derived from flight data, cross-checking the results with those obtained using simulations of the apparatus based both on the GEANT3 [13] and GEANT4 [14] packages. The validity of the simulations was confirmed by comparisons with test-beam and flight data. The simulations were also used in PAMELA results concerning antiprotons, protons and helium nuclei [11, 15] . The total systematic uncertainty on the flux was found to increase from about 4% at 1 GV/c to about 7% at 600 GV/c. This uncertainty was obtained quadratically summing the various systematic errors considered: acceptance, efficiency estimation and spectrum unfolding. The energy-binned electron fluxes are given in Table I . These results were obtained using the rigidity measured by the magnetic spectrometer and unfolding the resulting energy spectrum to the top of the payload using a Bayesian approach, as described in [17] . This unfolding was particularly important for electrons (and positrons) due to their non-negligible energy losses, primarily due to bremsstrahlung while traversing the pressurised container and parts of the apparatus prior to the tracking system (equivalent to about 0.1 radiation lengths).
Since the PAMELA calorimeter was also designed to precisely sample the total energy deposited by electromagnetic showers [18] , this information was used to derive the energy of the impinging electron. Containment requirements (at least half Moliere radii from the silicon detector borders for each calorimeter layer) were applied to the projected track in the calorimeter. This resulted in a good Gaussian energy resolution, varying from ≃ 8% at 10 GeV to ≃ 3% above 100 GeV, but also in a decrease in statistics of ≃ 50%. Hence, it was possible to obtain an estimation of the energy of cosmic-ray electrons that was systemati- cally independent of the rigidity measurement, The bremsstrahlung photons, produced by electrons while crossing the top part of the payload, converted into electromagnetic showers in the calorimeter, thus allowing the total energy of the incoming electron to be estimated.
Therefore, the calorimetry measurement provided a cross-check of the energy spectrum derived from the tracking system information. Figure 1 shows the electron energy spectra obtained using the calorimeter and the tracking information. The sign of the curvature in the magnetic spectrometer was used to select negative particles also for the calorimeter case, thus making a consistent comparison possible.
The two sets of measurements are in good agreement considering the uncertainty of the reconstruction and unfolding procedures. The results discussed in this work are based on the magnetic spectrometer rigidity that provided a larger statistical sample and a better energy resolution in the most statistically significant energy region. Figure 2 shows the electron energy spectrum measured by PAMELA along with other recent experimental data [19] [20] [21] [22] [23] [24] [25] [26] [27] . The data from [23] [24] [25] [26] [27] and the highest data point from HEAT [20] refer to the sum of electron and positron fluxes. Considering statistical and systematic uncertainties, no significant disagreements are found between PAMELA and the recent ATIC [25] and Fermi [27] data, even considering an additional positron component in CAPRICE94 [19] , HEAT [20] , AMS [21] , MASS91 [22] , Kobayashi [23] , BETS [24] , ATIC [25] , HESS [26] , Fermi [27] . Note that the data points from [23] [24] [25] [26] [27] , indicated with blue symbols, and the highest data point from HEAT [20] are for the electron and positron sum.
these measurements of order a few percent (see [28] ). However, the PAMELA e − spectrum appears softer than the (e − + e + ) spectra presented by ATIC and Fermi. This difference is within the systematic uncertainties between the various measurements, but it is also consistent with a growing positron component with energy. An analysis of the PAMELA positron energy spectrum (up to ∼ 300 GeV) will be presented in a future publication.
The differences with previous magnetic-spectrometer measurements [19] [20] [21] [22] are larger and probably due to uncertainties in the energy and efficiencies determination of the various experiments. Below 10 GeV, discrepancies can be partially explained by the effect of solar modulation for the various data taking periods. Figure 3 top shows the PAMELA e − spectrum compared with a theoretical calculation (solid line) based on the GALPROP code [29] and with a single power-law fit (long-dashed line) to the data above 30 GeV (above the influence of solar modulation). The single power-law fit represents well the data (χ 2 /ndf = 8.7/13) with a resulting spectral index of −3.18 ± 0.05. This is incompatible (about 6 standard deviation discrepancy even considering systematic errors) with the soft e − spectrum [4] required to explain the PAMELA positron fraction measurement within a standard model of cosmic-ray propagation. The GALPROP calculation was performed using a spatial Kolmogorov diffusion with spectral index δ = 0.34 and diffusive reacceleration characterized by an Alfvén speed v A = 36 km/s and halo height of 4 kpc (parameters from [30] ). The injection e − spectrum (spectral index: -2.66) was obtained from a best fit of the propagated spectrum to PAMELA results, which was normalized to the data at ∼ 70 GeV and calculated for solar minimum, using the force field approximation [31] (Φ = 600 MV). For secondary e − production during propagation we used primary proton and helium spectra that reproduced PAMELA measurements [15] . This GALPROP calculation reproduces fairly well the results above 10 GeV sources of cosmic-ray electrons are needed. The GALPROP calculation is commonly used 8 assuming a continuous distribution of sources in the Galaxy. However, due to the significant energy losses this does not seem plausible for primary high energy electrons [33] , since this assumption should only hold for a relatively close neighborhood. Furthermore, as pointed out in [32] , SNRs are concentrated in the spiral arms of the Galaxy, therefore one should consider an inhomogeneous source distribution.
One important point concerning sources of primary e + invoked to explain the positron fraction measurement [3] , is that they should contribute to both the e + and e − components in about equal amount. It is therefore reasonable to investigate if the PAMELA e − data can accommodate an additional component consistent with the positron fraction [28] . Hence, we repeated the previous GALPROP calculation including an e − component resulting from new sources for which the only assumption was that they injected e − and e + in the in- We have measured the e − energy spectrum over the broadest energy range ever achieved and with no atmospheric overburden. Our results are not inconsistent with the standard model of cosmic ray acceleration and propagation in the Galaxy. However, there is some tension between the data and the prediction that points to needed refinements of the propagation models and might require additional sources of cosmic rays.
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